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TR?iNSM 5 ^ N *IU U :V.IVIUQ J SING i >: 
MODULATION FOE SPREAD SPS.CTRUR CCHMDN I CAT lOMS ARC 
'1? HEREOF APPARATUS 

5 TECHNICAL FIELD 

This invent ion is concerned with spreading. 
i me hod I r orthogon i msltipd 

transmitters in 'QDE'h (code division mojdrtpie access) 
i (j c; osriiTi u n i c a t 1 o rs s y s l. e m s . H 0 i e pa £' I i C U 1 a • I y 5 t 5 s 
rela ad 1 orthogonal coinptax-dojaai spreading 
modulation methods for CDMA coaamun icat i on systems 
when there are channels with statistically higher 
t r a n s m .1 1 1 i n g pa wer . 

15 

BACKGROUND ART 

In description of the prion art, the same 
reference number is used for a component Having the 

X a h o v b a c h e m a a g > a c 

transmitter with orthogonal multiple: chancels:. The 
r 



s. - , _n obi on is; one of ~ - Candida tss for * - < ou 
( I n a e r n. a t x o n a 1 H o bile a . i i 1 r o n s - 2 0 0 0 ) 

i^ 1 - 1 ;-- t enerdtu ab.ri <> aa \ i 

5 systems The transmit t as : £ par, a re- 

al F 1 1 o; fc C K a n n o 1 ( P i C H ) u a a d t o t c o n e t e n U 
d ft n o d a i s t i o n ; - 0 e d \ c a t e d C c n t r a i C H a a n e I : D C C H } f o r 
transsittirrg cord: rci inf SrsaKios; a Fu adasne n to 1 

l(j as voice; and two Supplementary C H a n a e 1 a i'SCH; SCH1 , 
d • " K j • t a r r ; o h ■■ a p a a d o a r a s e r v i c e a , £ a c a c h a a a a i 
passes through a channel encoder a no 'oi: an 
interleaves (not shown in FIG, 1} according to the 
;. a c u i r. a d q ■■ : = : ■ r . y o f t h e c h a n n c 1 . 
iS Each chaiiasi performs the signal conversion 

process by changing a binary data CO, 1 i into (*d1p ~ 
r ~ hcugb h is 8Kpi th the jed pf 1 

-It, our oet.hed can be squally applied to the 
information represented by several bits, tor example, 
1.0 (00c 01, 11, 1 0 } is changed Into | + 3, a 1 ,, ~ 1 s 

The gain for each channel is controlled baaed on the 
< ;.: a r ' * a d t c t at a rata !.p 

2 



the a a .. 

i ' 1 h e g £ i s,a : Is 

d e t -r r ai i n c d fc y a s p e c 1 f i c r e r s r s n o e g 3 i n a a & t h e 
a st p i ; t 1 e •: - { L / > , A :• 0 n - c 1 t h o < - r a .1 i > < 1 j , F o r: 
example, with CP, * I , other gain G Di , s s • , G.-. > or G? 
can b e c on t r o lied, G a i r. c o n t r o 1 1 e d s i g n a 1 . f or e. a oh 
channoi is spread at the spreader U20, X22> 124 f 
126, 1281 with orthogonal Kadaiuard coda fci m :t;;j , 

delivered to the adder (130, 1 3 2}, 

Hadasvard matjix,, H is t, comprising the 
orthogonal Hadamard codes has the following four 
properties ; 

{1} The orthogonal i ty is guaranteed between the 
columns and the rows of an Hadasrard matrix. 
When 

t EQUATION ll 



WO Hi 



A.... 



Mh. 



s h chM. h: £-{0J s 2 
eguatiaris hold . 



-ti v>< 1 ^ = -re Kiv ooh r r >* . *a 3>*4i>jl, -a, eh a- 5 " a 

W« i for i-j , and D for a* j ... 

f.2 5 It is still an Hadaroard matrix Hi- even if 

the order of the columns and the rows of an Hadaraard 



(3> The order of Hachmard matrix M ;p p p , is i, 
! > f :• or a multiple number of 4, In other words, 
' * f where 2" rs a set of. integers which 

m The mn-rmn matrix H : " ;r:i produced py the 
hroaeoker proa art {as in EQuAT I Oh 3} i roo a iTofm 
-h) H as s - : A' ;m sad a a* a Bahama re; matrix B is 



WO 



p< KM 



=:ib«s COMA 



using the column vectors or row vectors of a 2 fi * 2 ;: 
Hada^ard mat >: .;,:< ls as cert boo on si. cades., where the 



< 1 . , ) t., t - > a 



i.s gens rated fj:oiii a 2*2 



J? — ? 8). In particular, the ;;et o i" Lha cclcran 
vectors or the row vectors of the produced Badamard 
matrix :U 2 ;1 di;??eos i one 1 Walsh codes. 
I SQUAT TON 
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H lS have the 



xng property 



fx, "j, - ' 1, ••: , ... 2 :: •• I i . If i t - t , k 

ted t i s .^uat:o< 

fEQOAfXOH 6 I 

5 ~ » ■ - ■ f y \r K>>) ; 

t he c - t - ;ids sit;sng I, ^. ; 
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I EQUATION 7| 

{ * ... > . * , - v, * ... if - « { ? .... 0f , , Mfe, , mUh, 

Here ® represents the exclusive OB <XGP. operator. 
Therefore, *^*i^Pj^ ?or , e ($# ^ 2? _ ^_ 

1|f „ nd ^f*l-^W»^ for k 6 l0 , ti 2; _ 2 ,.,„ 

In order to distinguish the orthogonal multiple 

order of the Hadamard matrix H m , p(»2 A ) is the 

Spreading Factor { S f 5 . In direct sequence spread 

spectrum communication systems, the spreading 

bandwidth is fixed, so the transmission chip rate is 

different data transmission rates with a fixed 
transmission phip rate, the tree -structured 
Orthogonal Variable Spreading Factor (O'VW) codes 
are used (as sho»n in EQUATION 8) in order to 
recover the desired channels at the receiving 
terminal using the orthogonal property of the 
c h e n rs e 1 :. . 

"ho v'td des old rsie " - } 1 and 
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- ■ O - f v „-> 

in EQOATiON 8 and EQUATION 9, respect j.ve.ly > An 
a 1 i o c s t i - n t e t h o d o :. v. h - r. - ■■■ a - •• t r u c t u :. e d 0 V S F c o d e s 
ith the orthog - - tn th 

*.0 i N * < t. it. < - ' .„() 

and K. G'kawa f " T ?:ee - structured genaxatXon of 
o r t h © q o n a I s p r - a d i n g c c? d e s w i t h d i t f a r « r.: t I s n g t h s> 
fox toward link of OS -CDMA .mobile-; 

28, (2} US Paten;; | 0SS?SI?SIj "S^stsra and inn rood 

t o r o c. i h o g a n a 1 s p i e -.5 d s p a c t ron\ s e q is e nc e q e n e c a t : :.• n 
i n v a r i ? r I o o aca : a t <: a y s r *» m s " . 
f SQUAT I ON 81 

?0 "• 030888(1811 f M J H 

i <" ~ essnsoinnKniM 

" - mnnm ^:r~ wimowMtitoe 

mm <f ^ ojmoiOM^jotojo 

" s *- <§ns . • (nnummuntmu 

Mm* * ft ? 



?: above equation shows the. OVSF codes. 
I EQUATION 9] 

§F=*I $f«fc SF-4 SF-8 S3M§ 



\ 



W: 



xhs above equation shows the relation between the 
OVSF codex and orthogonal Walsh codes. 

The outputs (x T [nj ? v-foj) of the adder (130, 
132? in FIG, 1 can bo written as the following 
nqus tions ; 

t EQUATION 101 



WO 



oUl 



I x ' ' • . ' '{ SP,^ , 1 j 

Hera Uj 

The abo?§ mentioned Walsh code ®ncn-i®.'ii W^a to ! t 
- ' nd Vh n: .?n} r orthspr. feisl 

f ^ cfiiQriS selected froa H^^ * ir* * , ^ . h" s< 

An allocation method of the orthogonal Walsh 
?un :ion<; t each fhan,oa.l wit th« srth 
property ioi ; owe the allocation method of the OVSF 
ii) codes. ^ , , ~r\ v SF;jchl SF Kt ; ; , and v » , are 

spreading factors for the corresponding channels. 

For simple explanation, as soma the transmitting 
power of SCHi and SCH2 is a scorned to be 
statistically greater than the power of FiCh, DCCH, 

present invention.) In other words, it is assayed 
tne relet:. ;:.e GO . > o.. . . sad ,\ c . • n holds 

f i all the £ ; s a m p t d s ho 1 el i o t y< 

oases: Pn the first esse., the or ans:ei ss ion data rate 
10 
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lax ■ an suppxaoentary channel (SCPi, S 0 H 2 } j.« 
n r ■■■■ a t s r: t. :: a a t h a t o x c t h a r e h a n h e 1 3 ; ?■■<. c H , 0 € g. \ : , 
FCu), and the required quality such ss the aignal- 
i " >lVu!e r 5 r t i v v _ ; ^ .5 - v - _ - - . , pi 

In the se - - - - snsari is.; lata rates are 

< ^ 1 1 ~~ - - » o~„n - - ^ i > j j 

in a tra;nss.i!:te.j: f the as sompt i on a hold, and the two 

assumptions hold:, EQUATION 10 can be approxi ;n&ieo as 
EQUATION 11, 

> » ^ s n [ v > ^ } 

The 0 > . modulation tsfcss pi a on el: the 

Spreading Mode let. or (140; with the fleet inputs 
\» 0 i end the second inputs, FN fFseudO" 

Hoise) sequences iC ; [nj, C, in] ) , and the outputs 
U T pnj, Qafn]} ara produced, Tee peak transmission 
poo or to the aver ana power ratio upip pea.k-to- 
Avetaea ratio; nan be iriiproved according to the 
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struct of X 10 } and the 

method how to generate the scr.a-nhi Lng codes iC ; . :;(1(s t.j e , 
rial , C Sl - :M »>;[ S; gin]} froff: the inputs of the two \ 
s e q u e n c e s { 0 ■■ | o 1 ,, C .• f n j > . C o r. <~ .n r. .;. o n e .1 e m b o 0 t e> e r, t s 
J for the Spreading Modulator (140; srs shown in FIG, 
3a 3d , i'h o a put i i T «• o j j t! > t «> 

Modulator {140} pass through the low -pa so -filters 
al 6 0 , 162) a n a the power amplifiers C, ~ 2 Then 

Hi modulators {18 0, 182} which modulate the signals 
into the desired frequency band i , ou carrier, cnc 
the modulated signals are added by the adder USdi;, 
and delivered to an antenna.. 



s i g n els passe d t h r o a g h a n & n t e n n a a r e d e o d y 1 a t o d a t 
* smo? 2 8 ( t2 alt ho as c srs I er 

generated after passing through the loortpas filters 
is (iSQf 262;, Then,, the spreading demodulator fSSOl 
gene ret ss the signals i x ; r r> ; > va { n ] ) with two hh 
s i it - h » . 

12 



1 ' ° r " 5> £ •'• o P - • ;: P e d ft s i r e 0 - n a n r. i s , i , e , t 

nsion ri tipleKed signals % \n] th 

signals are multiplied 0? 1. n-~ « a "c- orthogonal code 
^c:«in] (w.hsre, xx€B - lh'.'CH cr FCK) or W vvC -;i^j 
(where, yyCH - SCK1 or SGH2? us so; a r. ! ; r o cranssitter, 
s t * " ;i ds-sprsadcts 2 2 § 2 25., ; / • . h cw , the 

or "lb/; proportional to Che data rate or. the 
corresponding channel, Sines r.he -signals at the 
receiver are distorted, Pi OH is used to correct the 

st or ted signal pnase fherefore, the s m 
{x K pn}, v s (n] ) are multiplied by the correspond! on 
orthogonal code >^ ,J and are integrated during 

the period or T ;i at the integrators {210,, 212), 

thhsn the PiCB includes additional inf arsiation 
such as a control: coauuano to control the 
transmitting power at the receiver, besides: the 
o t I g n a 1 : p h a s a : o r r e c 1. 1 o n L h « 

U sal - - i eras eg t da- 

:> t 1 ' - n - i > - - * -a ,)v ma^i 

ws-itig the parr • f the pilot signals with the kno>« 



wo ou«;u8 



phase, Ho«ever< ifc is assumed that the siCf) dees not 
i n c : a ci e ^ t y a d d .1 1 i ft o a 1 .1 n f." o r - .?. r . o , f o r s - p 1 i c i r. v . 
The; phase cor rec r. .1 on s axe p^rfoaned at the second 
(kino) t _-\ =s i a* - * - ;242„ } - - , 

the est .soars * ? i ssmatic 4 « the 

* - !• 0 s 2 S.fter ss3 ring 

port according to the desired channel { .DCCH f Ptshh 
§vHl, or SCH2) at the second complex -domain 
auitipiisrs ;242 f 2 4s;,. the receiver recover s the 
transmitted data through the do-- Interleaves and/or 
the channel decoder (not shown in FIG. 2) . 

" * » " t hr <*- , , e r ,?\ 1c 

multiplier (243 or 246} execute she following 
£ unet ion , 

I EQUATION 121 

Operations for the hirst co-spies -domain resit ipl ie rc 
f 143* 14 5 5; 

C{ n) s /sip \ - < \{ >n •;■ u J n) H yd *j -t .1 >] ) 
Oinj --xXnteiin} -xd*hd*i 

0 p e r « l i o s :•• f o r c h s s e s o s : c o o s i e a - a o m a i n m o 1 1 i p 1 i a r s 
{ W, 2>li t ,m?h, ;46'» : 

54 



0| *jj - xl nhi 1 n } - xj n] - J n) 
»l ~ *A &ht}\ a! r ^4. Vbi aj 

FIG. 7 a and FIG. 7 b snow siqoa t f- a^u 
d i - g i a a £ , 1 r: FIG, "<' a f a q a a r <■ r p : . s o rs * s i. h •••• i , r u t 

G:<:i tn] fjxgl nj ; of " - "^t . j - 

RUiXtipiiera and a elrcXe shows; a n-ormali sad oatput 

(G s in) + 10,5 [n] } of t ha .hirst oomola cioma in 
fniilr. xpiiar , FIG, 'I'd shows foor tsansl tions (D f or /ft 
" z f <- ■< - !f ) - the first co X ok -d amain, iouhuplier 
input » x t (nHjxo(n) } according to the time. flow, the 
FXIR chasact r s t i c becomes wars a J the c > a 
:ros - , raositi (or s transit] ! ? 5 

FIG. 3 a shows the .schematic diagram for a 
conventional spreading modulator. This spreading 
Modulation method is used in the forward link (from 
S liass station > s t i < f a ; Clm 

called ths QhSK (Quadrature Phase Shirt Keying} 
a p r e a a i n q m o da lata o n « 

I EQUAT ION 13] 



PCS - t 



c , * i ij; oc the 

'■ ' S G .. 4 a 

^< - >Cv > k 14 I orn< words th 

3 secondary s c car* 0.1 ing codes iff the same en the 
p r ims, r y so r a.;s h 1 1 ng code s . 

til I n r he l s - & 5 s y s r. e m , x~{ n j =« y T ?o] , b u t q ft n e r a 1 1 y 
x, in) * y?fn] in the QPSK spreading ^adulation, For 

possible transitions of the signal constellation 
point occurring in the QPSK spreading modulation are 
Id shown in EQUATION 15, The probability .tor f Gp *«. /2 f 
~ :Jr - - for eao 

t ran si Lion . 

t EQUATION : • J 



F 1 G . cf a s rs o w a r h a t r a n a ! t i o n a c r r. s i a r ■ « ; 
constellation point for the QPSK jpseading 
aoai u 1 a t i a n y? h e n I T f ; n j == ± 1 , Q hi n T ■■■■ z 1 , a n 8 F ;.~ 4: , 
For n q ;nod SF; (i T [ n j s q, f r, } • b.eco;aes one of. Ml, 

( * 1 •« ~ 1 :> * C-J- r - 1 ) >■ ( - 1 , *1} with sTi. equal. 

start at (4-1, e;l), fhere is no chasss in the signal 
' f*'' .*Uon diagraav at a chip, titan cf nU./2, At a 
chip time at ntl, (I*lai f Q, ( n J > transits to one of 
* l l - 1 . '1. -1} t :-l - 1 ) .. - % , +!) with an equal 
probability of i/4, FIG, 8a shown aha sase of - „ , * 

There is no change in the signal con at el la t i on 

diagram at a chip tice of ?n j/2, At a chip time- of 

« * a y i I r [ n ] : Qt { n ! } t. r a n sit s t o o n a o f ( * .! .. * 1 i , : t 1 , 

* 1 : with an aguai probability of 

I 1 ahans of k > , t sip ion x 

?h-e he lat orae in ; e cas< 

one - i fossinc j -trans it 

17 
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There .3 o - > ir. _ ^ rrns:: a . . 

^' ^ * ch\p t o , -» i R t xp e of 

- ' ' - > - f - Co- So 3 transit? - j> 1 - 1 \ , 

- 1 > .< i~ ^ > o.ifh an equal probability of 

1/1, fx So 8 s shows the case or ; •■ 1 1 ~l) transit ion, 

T be re is no change .in the signal const si I at. ion 
hiagra* u a chip tiBH of -5*7/2 At * chip ut of 
n r 4 , i I r n ] , Q r j n H t ransus to one of i + 1 , * > ) , < + 1 , 
~ - ) ■ » - 1 » - i J . ( ~ 1 , * 1 ) * 1 c h a n « q u a 1 p r o b a b 1 1 \ c y o f 

above erans ilion p s;oc 2 a 0 - * 
e :coron;q to the probafeiiite, 

3 b shows a schematic diagram for another 
oonventionai spreading i?odn i 9 t o t . Tola spreading 
modulation method is need in the reverse link (frssi 
a mobile station to its bass station} for the IS- 9b 
CDbb system. This spreading modul acion is called the 
OOtnh (Offset QPSKi spreading mooelation, and the 
hotpot signals sre iovs res b\ bQUATXOb It. 

Qrl>,' **¥t[n~ j v < - e \ !< ~ ^ j 

18 
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oecor;oa rv scrambling cog« generator in FIG, 4 a are 

' a n o o e s a r e e < 

>c va^bl i r;g odes 3 n r.ce px - epi s treading 

morula t xoTi 

I EQUATION 17 I 
5 

Generally a*|nj # y T [n) in OQPSK spreading 
modu lation .. for i I? s n ] i- f Q? [n j |-1 based on the 
nc U i 2 stion, n ne poss i b .1 a transit! on& o £ 
signal constellation; point occurring in the QPSb 
1 1' " ..on - ; ; Oin IS, TSu 

■ ~ ' o <■ -8 \ ~ 5 < - * t ; 
are 1/2, 1/4, 1/4 , 0, respectively, 
1 EQUATION 18 j 



J * a > > 2 < model a ti e -Is in. f i/3\ 3b, 
rhe siernal ' - th 5.; g ; ji phsss ohan nei (Q~ 



wo os/.«;y* 



channel; is delayed by a hair chip (To/2? relative 
t a t h e : : i g n a 1 o 1 c h a r n - p h a s e c h ■■. » a i ■: I - c n a r. n - .] , I r. 
ot b- t o i:\ca -\ - v\ „ ^ t ^ , 

spreading modulation in PIG. 3s. Due to a hall chip 

; - 1 delay, t h s o d a « - c i - i - r as n a a i 5? <- 
:;; h 3 n ; ' : - - 3 •< y r - a I s c a n .a a t b a a a a a a a d a • in u 1 1 s a a o u a I y < 
teas, the r -translthaon ■rrossiiig the m:> is 

prohabifced s and the FAR aha raet ari stia la Imp r o a sad 

FIG, 8 b sfeo«s aha <!■>"■. — a of t a a a bona- 1 
; 1 ? 5 ; i ( for the OQF 5 * 

^adaiatian when I 7 {n] » ±1, Q r l n ) - tl t and 
Far n » o scd ?F f ur[n}, vdh;P becomes one of ( + 1, 
-.1), {'it, -1>,: - 1 } , (~.l f ♦!) with an sqasl 

;rcbabili,t.y of. 1/4, The transition is assunsed to 
tart at { u, +1). At a ch in ti*ae of iai/2, d; T ?nl 0 
CM'nj? transits to either da;., aid or -1} with 

an equal probability of I /? , Fid. Sfe shows the case 
t r ansit 1 □ : A r a c h i p t i m e o f n a 1 
I) transits :.. a sit bar' (a;i t a.i) ox {- 1 , 
e q a a I p :; o b a b 1 1 1 l y o f 1 / 2 . F I G . 8 b s h o w a 



-1} with an equal probability of 1/2. FIG. 8b 
shows the c.-e of ( * .1 , -I) tra^icjon; hi a chip 
time of ;«*\ , ls.nl, Q- f [nH transits to either i + 
" 1 ;: or 1 ? " 1 ' w ; - sn equal probability of :t/2', 
> bxCi, bfo snows the ease of {-1, -~ i } , ^ ., *i a 

chip time of nt*>/2 t ( l?[n] „ Q T [ n } ) transits to 
either (-1, -I) or {-1, + 1} with an equal 
probability of if 2. FIG . 8b shows the case of (-1, 

10 C -J] nrans * tc either «; t i , s-l) : - if -, 

an equal probability of 1/2 . FIG . 8b shows, the caae 
o:f i~ w .)i trans it ion : ht. a chip time of n+1/2, 
- *?\u\ v > transit a to either * fl) or ;•■], ~ 
*••'! Ar > equal probability of i ,%> . FIG, ;,b shows 

hi the case of !-X f ■-:] } transition: At a chip tiara of 
!V H,> • 'h i." i ? Chin]) transits to either pel,. ~l) or 
wl-tj^ as equal probability of 1/2, The above 
transit ion process is repeated according to the 

28 Tm\ 3c shews a schematic: aiagras for another 

convent i coral spreading modulator. This spreading 
sion- ft;etJ 1 rt t methods 
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Bl ' ; - ;;ultn ;:i taa scrambling code generator (ISO). 

- ' x x ::l ! 1 > sed :t s forward Xi? from a 

base station to it* oobile s ^ « for a > C OKA 

" N let B em aa anoth U for 

- 1 000 x 15 00C system i spi 

sociuiation , ci Hoc t.h or x 

-pi adjng 15 dulatiort. and the Dutpu* Signals ire 
cover nod by oQdATIOhS IS., 
I EQUATION 191 

//{?'] - v % * A n\C , ,, w , v , f >>j ■ X , ;{ 0 , „ ^ c [ «} 

The outputs r{j*U C\ of :hs 

secondary scrambling code generator in FIG, 4a are 
by FQtmTTGN 20. in other words, the secondary 
scrambling codes are the same as too primary 
-3 c r a m. ■>■: I 1 r; •:; c o d a ; a a d s s ■:: r 1 b a d i s t h o p r e v i o u s Q ? S K 
and 



^ !l1 -onstei.Iatu - r i > , 

<-~ - * J' Ih s „. i\he 

♦ * ' ~\ * 1 1 r ^ is 
squally 1/4 i o r a a c h t 1 a n s i t i o ;> , 

rs.gtia.TiON 2i J 



The previous oqpsk method is effective when the 
° * 0 v<»1 [ouo -s o:e Mo • asne as in 

IS- 95 averse link channels. But the Q-channai 
signal should be delayed by a halt: chip, and the 
amplitude ot the transmitting power for I -ehannsl is 
different from that for Q~ channel in the case of PIG. 
1 when several channels with dist'srent transmitting 
powers are using orthogonal channels. the linear 
range of the amplifier should be :: elected based neon 
the iargest transmitting signal power in order so 
seduce the .neighboring channel interference from the 
s N " * - r- tio.n 
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On the other hand, in CQPSK spreading 
modulation, I~channeX signs! f XT [ n j} and O-c^nw ! 
signal (y r [n}) are wulfcipiied in co^Ies-do^in by 
the secondary scrambling codes, ;o, . 9nd 
*--sr.T jish . y | n j of f.he same amp iit ado . Therefore, u;e 
smaller of signs:.! power, level of the two (1 and Q; 
become large, and the large, of signal power level 
Oi the two becomes email; the two signal power 
leveis are •qwli"* statistically. The CQPSK 
spreading modulation is more effective to improve 
the PA? r^n.i;r*t iC when there art ^.itipie 
channels with different power levels. In the CQPSK 
spreading modulation, \~ f :>> — v | , n makes an onv 
crossing transition \n -transition) -with a 
probability of 1/4. 

F : ; - Bc cjl = » a the ctar,: jo f the sign 1 

sons relist ion point tor t he CQPSK spreaomg 
sodulation when x~in] - ± I , y ., r n ] •:: , { n ; - t X . 

C ' il < and ?F ^ ^' ' - 0 mod I\ , v in|, « , r 

aud r "»»^f. i « ?0 ♦5<'**«*»i>i« ! become one 0 f 1- 

l f 1 ' J with an equal probability of l/4 r and 



r. h i s case, I? i n ) * )Q T [ n 1 ~-0 *j v'2 . And this equation 
becomes 1 ? ! o i * j Q ; ■[ n 1 ~ 0 *■ j X due to the normalization < 
There is no change in the signal constellation 
i diagram at a chip t im.&. of &-+1/2 * At a chip time of. 
n+1, >:-;• = n i -"i y? ( rs j transits to one of 1* j , ; •• t t , 
and - 1 v j , .and tin) + j&*»t«*)>xc<«1<ff) also transits 

to one of 1* j , 1 - j i ~l~i f and -i+j* 

The second method is used in the reverse link 

U) (from a mobile station to its base station) for a G~ 
Cmh 1 Global -CDMA} 1 and II systems as another 
candidate for XWT-BQOQ system proposed at 
International Telecommunications Union (ITU, 
ht up; / /w« ( itUx Int) in June 1998, This spreading 

?S modal st ion is called tee OCQPSK {Orthogonal Complex 
Q 3? S K ■ spreading modulation referring -co Korean 
Patent NO. 1 6-2695 93 -00 00 < The following relations 

subscript of the orthogonal Walsh code tor each 
20 c hanne 1. . 

{EQUATION 22 J 

25 
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i\4 w| «« xA. >>K t\ P - > rl P C :i ,,,>... .[ «] 

secondary scrambling code geaeratcr in FIG- 4b are 

5 scrambling code generators in FIG, 4b and FIG, 4c 
are the same for k ::: 0 . 

|FQy.ATIOS .231 

C, r ^,A nl P *£ , ^ nl - t {*] 1 «\ - ^ P 

Khars p is a power of 2 p - 

S.ft 2 

~„„ x- r [nj - y T ? n ] f OCQPSK 

- h 1 i - '?:Q* U ~ « ; ' I 5 i fess 

>.rma >ati , t possible P; rpoition:; 

■2*3 



on the 
of the 



signal constellation point -occurring in the OCQPSK 
s p r e a d i r, g o o d J 1 a t i o n s r & o h o v n i n E C: ; . ! A T 1 0 t- 2 4.. T h e 
p r ob a b i i i t i e s x o r i 0 , - ;r / < , - t / i .. « i t r „ n . i • ,i :: r - 
are , 1/ 2 I , :i o j - 2 L * i > ier and 

1 / 4 ( 1 / 4 1/4 3o«3 1/4 in case of tr»2 ( ■.- */o no; 

I EQUATION 2 4} 



lAnrV}^ o;c-r, H] 

- - / -> U: 



6 4 ^ 



i (; - - » . I >. «- ' i 0 o * ^ o ^ * 

gzt port : es s -& used; 



; $ zx {9 >i2t} - 5?:o p: i?.t*l I 



?l:nd fO:.5 A , i Wjfc, 
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The orthogonal da lab. codes with even > o- > 
subscripts are used for ths chanris] icienuf icscion 
<cspt for t case » 

i •« t i- ' ci-r t > i ^ * . i i t i 

data s :=;:?. Sec a u ss x ? ! 2 \. j = x T [ 2 1 -t I 1 , y ■;■ [ 1 t ] 
yy[2t + ij, ce {0, 1, 2, ... ! , the fallowing 
apprsxrmat lor. holds as base;: ; bed in aQDATFOK 25, 
Ki I I EQUATION 25 1 

v a oi + ;>■ A >d * ar w, tr!l { ><l 0 S c4 [ :if\a« \ \ <: jC * * 1 " ] D * c 4 I Spt CH; I ] 

In the OCQPSK spreading raody 1 a I ion , avoiding 

IS icceristlc of the sprs c - is 

iron roved ccaparod to the CQP3K spreading modulation* 
n*2t, sortnl + j y,- [n] max as an origin crossing 
transition (a -transit i an ; with s probability oi 1/4 
as in the CQPaK sprsodiro i v. c while,. at 

20 ! - 2 t 1 . hio c c ?' r a ? r - : • ■ - p r : \ a t i 1 .v t j I a r a c a . 
Thorafpta, phs average probability for tins origin 



ss ; Ki » > - <5 



c r s z i a q t c a n s .-. t ... s n ; t -- s r a n s i r. i o s ; a e c r a a a & a t. o .1 / a 
1: :. o*k 1/ 4. Chin; for s c r a n \ a I ± a g i c ;•" I & , 4 b is 

also used in identifying the t r « a s-tss t ts r , 

is i:hird - - - - - ; the »ve.cs* 1 1 n ! 

(fro-m a mobile station to - t s bass station.) tor a K 
CDMA systeis as ansthar candidate foi coma 2 000 arid 
ids. 5. v a- . * > ' is? 

OOOG. The f.oi lov.i. nn nsl^tions hole, when oniy sr. even 
number is assigned to the subscript of the 
orthogonal Walsh code tor each channel. 
I EQUATION 261 

MM * yHsmrii 
M nl 4 ;QA n] - (:x r [ *3 •^••H *3) j;npC ,,,^d si - ;C M; J*]>j 

/?{ n - ^ ^ „ >n yA > K ^ ' > 

CMs] vUh ~ } Vi\n)i m * in} 

The outputs (C ftCtAwb4<ll tixfu C wMllt . D fn!) of the 
s s v s n s a r y ... s t a s b 1 i a g c o d s g s n e r a t a r i n F I G , 4 d a r a 
a can - " , " h T : i I 
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I o 1 

Gener ally a? ( n ) * eg i - J FOCQPSK" spreading 

m o d a i a t i , i , * o , i 1 T f n 1 - Q T 1 n } \ - 1 b ,3 s e d a a t n e 
S era a t i o h < possible trassit ions a t fc h s 

signal constellation point ;>c::cu.rr.ir-g in the i?OCQaSK 
inq .a sr. r o are 3 ear ; x 

v - «. - t ^ * o » , « a - 4 ot, ,c 

,\ I/2 ? 1 /' 2 , and C for n ■■■■■■ 2 t. f 1 [o66 srisoer) ; a ad i 4, 
O! ~ I a v : ■ -1 i.n esse at t v. - f.^ > 

id u tic res; t leal y 
I EQUATION 28! 



30 
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x -A 2 i <■ \] <r ,{ :n ■■■ 1 1 C 4 2? -H W ;'C . ...,,„,,. a 2t a 1 1 
— Lt " ~ - 

cf2a-n i- d:\i:Pop-p(;p 



- 2' i 



' t; t + is * i 

< n 2oM)t oa(2oM] ^m-H.) ' C.f^-M} ' : +]cj27+WtF(ft+ T) 



r b e POCQPSK spi'ifjding modulation is basically 
same as the OCQPSK spreading ;nod?i.Ia t ion .> 



" „ of i/4 as ao.n\ in i s o ' 

a p r o a i i a q o o d u 1 a t i o a ., w a i i e , a t a - 2 1 *■ 1 f t. h e 

I i i r c m p a a a a ta t t h € 

m lack of the ;: -is ojonn? so due to a periodic .repetition 
o f t h e o r u r; a o o r. a .1 W a .'!. a a f a a o i oa s , ? h e a a a i m a t i on 
sho ci te m * ltd the "1 lowing propertiea; 

5i 
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For '«1<U* J dnJ ' 3 , 

- • €" s [ :'2t*l I i! - { 2t H ; , 

5 'i- \ i „ < " r 1 

S cass, ? <: : * . e c :. ' :. - a . : for d E. •; 1 1 , ~ ... i is also 
f o^ a,o vn i u „ - n, - r 

:• rVr ,■ ; .. • i;r : ■!! i ^> S^O 1 > s - Sh ! S ! /• ,•: it- 3S 

for 2:1 decimation with d~i.. C ; tn) and Cain; for the 
si) scrambling to obtain the better spectrum 
characteristic are. also used to i dent its the 
transmitter through the auto-corre 1 at ice and the 
cross'-corrslstion. The noober of identifiable 
transmitters increases when roth of On h: ; and C s hnJ 
i ?• a r a a a a d a a t b e s c r a c b .1 i n q a o d a s , 

PIG- 9 and F1G« 10 show schematic diagrams for 
a i i - i t - i , > s > < 

C< > _ s-„-h N ~.'- 

\ t ! „ ! v o ^ O w U U U 

20 syst.es - u N sndidatss for IHa-iDDO 

s >•" s t a r is a a a t h i t d q a a a r a t i o n t : \ a b i I e c o mm c n i c a t i o n 



xysters , The transnuctsr has five ^ ^ 

annals PiCBd DCC ( , and SCH2 £ < 

v. v n r - o - 1 t > i t „ v. - - . * - by 

changing: a binary data { 0 I) into i ~l}< 
•j The gain cor • C r o led s.'.;:,;;! for. o .•: c h channel i e 

„ I v u v- . ; 1 - - _ „ „ - 1 ^ ^ l.b 

w i t h t h a o r r. h o g o n a ). 0 V 3 F c o d e d > ^ f n ] ? W !KXi < f n i > 
a n j a „ t s 3.sd is d'i}.Li'i?6.r6Cj ! 

H) p ; are at the Threads ng Modulate- r {.149 } with • • b e 
first inputs ( *i C n J » y? in) ) and the second, inputs 
(the primary s tra^b X r ;;q codes; C;Js] and C :i (n } > , and 
the outputs (l-r'n), Ci-iaU are generated. The 

IS coda generator {510} and t he first coagi ex ~ dor;: a :• n 
multiplier (3.43), Tha scranadliog code generator 
•'::hlh; produces the secondary so r. ae.t 1 1 ng codes 



to ~ t r-N- - _ "ue aat u i u 

ii! fiiulti ak.es x.j 5 n d - as 

purs and e aa d.. i odes i _ ; ; i 

33 



Ciin), C 2 (i ) i 
o y the p r i ? a a r y 
usin.q thr?? PYi 
^ shown u' Pier 



The secondary scrambling codes \ r', ; . :v ,, : . tb , , . T : : r| y 
f ,:u 3 vX< g s D\ l hi following OC>< ji 

I EQUATION 3 0 1 

T h e o u r. p \j t. s { 1 T [ 0 ] ; . y r > i ) o ■■ h "- } S p r s a d i n q 
Hodo later (140) pass through the low- pass .filters 
USD, 162; and power amplifiers (170, 1 ? 2 j < Then tee 
f; p 1 .1 £ 2 1 its z Li red to ah s v. I u 1 a t o r s 

{18G f 1.82} which sodsiiare the sigftais into the 



:(;•:); C s c ,>sio.i - , e i ^ i ) .; e e t h a r 1 n p u r. 

The prirea.ry scrarsdi iee cedes 
the " , 

s c : r a m r I i a o i ■: o d e g e a s r a t a r ( £ 5 0 ) 
.sequences •: Ph, ( « j , m Q ln] , 
5a w.!.th the following equation; 
I SQUAT I ON 29! 



WO 



(1 e I i V - s - N " 

LO shows a sc'!« zags&a a 

■ :eiYer {. ! to th trans r of IG * 

at the demoduIatoi 2 £ It (iitii the sase csr dei 
used at tha t .ransmlttar, and > * and Q<> [ n ] are 

g* a rated ? •: i: a ; the 3 reals pass through th low- 
p a a a t < r. e .r s ( 2 6 0 , 2 6 2 } . T a a n , i; a a s p r a a d.i n g 

M) demodulator (2 40) produces the sigha.La ( >n : In], 
:/■: [ o 1 ; aith the primary scrambling codes ' C : [ n ) ,. 
Cvialjv The spreading demodulator (.240) comprises 
the scrambling coda generator (510; and the second 
i lu'd ■ ' < ,v - cm >, 

;> generator (510) produces the secondary soramblirsg 

^ • , : } i , i . 

v. r imab i | no > mpua; i:s 

n ' r tR eha t h na como;e> 

oomair, multiplier (243) in the spreading demodulator 

2D i? 4 0 5 taxes: the Isu'nj-, Qs I n \ as the first inputs and 
the secondary scrambling codes iC scr<1J , :X > - = \. a j , 
; , , , j > t, ^ | j , a „ ^ i * t v- < l 

35 
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e a t h o d 3 s i n c h e t r a n s rr= 1 1 1 e r , 

M o;^t v N „ -» - - >- - = - f - , 
the outputs ;x R (n}, y? ; I n } ) of - f • 

i demodulator (240), * signals ■» - i t ^ 1 \ < cy Jv 
sanse orthogonal code ^scs [ n j ovhere, x.xCH ~ DCCH or 
F€H; or *0, i;< i n ) { where, yyCH oCH I or SCH2 • used st 
the r -''oi.o v at the despreaders (224, 221, 22b, 

H; symbol period To ; , or T r . . Since the signals at the 
receivsr are distorted, PiCH is ..issd to cor root the 
distorted signal phase. Therefore, the .eigne], s. 
{xs[n] t . y : > [ n] } are multiplied by the oof re.spond.ing 
orthogonal code Ws^c;;[n.;, end are integrated daring 

LS the period of lo at the integrators (210, 212} . 

"hi- rave - - ok Pi :h in the cdmacOOO system 
may include edditiooal let orma axon such as a control 
< ? > o the 

20 correct.- '-ft . in this cased the additional information, 
is extracted by bhe de-multiplexer,, and the phase is 
t ; - - s h a v i n 



; > t 



I h e k f; c -.v n p h a s e . ? h e p ■'; a s .- ? a r r a a i i a a s a. r f •-■ r f 0 r nt e , : < 

at the second (kind.) soap .1 e a - jcms in multipliers: * 2 4 2 . 

i , w, . the r - 1 " . t > 

est ifiia tea phase information -through the integrators 

However, the conventional CDMA systems nave two 
problems: The f ir-st profolea is that the si? t 
condition for the linearity of the no we t amplifier 

h; several transmitting channels, the signal distortion 
, - teres 3 < i \ foe 

• <. ' . r e V a a ^ a f a r e , c h e a p o e s 5. v e p a v . r ujm : i - i?:" 
aith the batter linear char: sat a r i at la are required, 
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1 v : N ^ i , v o a 

s p p a r s t t as a a d i n g ■ tu a d u 1 a t x o 

N > ; s ; v x i i I a; sys e^s 

to solve the above raents on so p rob la as. In she 

spreadi ng rsiochj L a t :.on oat hod assordina to t a * v 

nven n - ->! r ^ _ in ad . signal s 
a? 



t r a n s 1 t i o n ; 3? - t ran s i t i o n) b a : : c a s :? e r a a o r o n 1 y a t 
n^dhtal, te { 0, L 2, ..,} as if, cases of the OCQPSK and 
P O C 0 P S K x p r e s d i a g re a d is .1 a t i c n b a t C I s o a t a ~ 2 t o n I y 
\ | t - < ^ 

1 e" r< N <■ a r e .3 d - ' i ivi ' v a r > 

Therefore, the PAP. characteristic is improved by 
a a i n c r. h e t e d h a a In 

other v;oros, this a cecal ion precedes a method a a o an 
_<ao. for the spreaorna ce o:,> i a t •. c a method f 
pro \ ' - R x h i i - * > t. ■) i 

comiauni ca t ion systems , 

In accordance with an aspect at this invention 
an apparatus and a method for spreading modulation 
are t > ^. % _ n ncari 1 1 and 

r a c. e :i v a r a . 

T h c t t a n s :a i 1 1 a r. a c c c r d i a a t c t h e p r o p o a e a 
Invention has aeverai channels with different 
i n f o r m a t s. o n . £ a c h c h a n n c I s c r c a ci a w 1 1 h t h a 
r t h na 'i ; a. :. is i ; - ax ; ) " ^ : ud )-?! 

in 3do t 1 a t.c t le :c ae ona] spec tiers, and the 
5 p c s a o : a n a i a .3 a a c d s O T h e n t h a a r g a 1 a a r a 
38- 
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3 _ i _ „ a i h ^e " n - . • y : -s r - oxou. Ia"eo 

a carrier,, and are delivered to a n antenna. 

The receiver according to the intention 
c t.o^ Ox ■» »<;<.o -:p-a ; <" ' <_ . t. 

5 carri&r used , o tho n ■: a 'xsnoxtta r . The tUnrodoi^tsd 
reso.3 xu;i;,uu ,u.~MOOi^oied ^or, rhs 55.00 

t t 'o^oi \ ooo » - *■ t i i l ~ i 

axe de-spi h s s a c; s 

Hi in addition to the exec ye nr. ion si do --spread or s v Then 
the desired tor creation is recovered at the receiver 
with the conventional signal process ou;, 

In a p re r er cod eobodirosnt, the tra.osmir. cer 
according to the invention has an additional 

ts ts] ios-aii s - sod a specie scrambling 

code generator* The probability for the spread 
sign a is n p' n | y T ; n ] } t o ;n a. k a r. h a or i gin or o s a 1 o g 
transition Or - t r 3 n s i t i o n) be censes zero not only for 
:•; - i op , t ; T { 0> 1 , 2, ...» but also for n~2u only except. 

m for Che time n- 0 P«od ffiln|3F ra , SFto, $V$«m-, BF sc>:i! 
S??ci i oner: the spread transmi tting data vary . 
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PCS ■.■■K^»<?..'t'K^-> 



? . i -tt 0 ? TH!i DRAW I 

i>0'!p*'^ it - - v. t -» „ - i ' - O v t ! 

will toe described A conjoncacn _ C * s * * m 
< in which: 

PI O . • hows <• U; a g r am f a r a 

convs rational CDMA i r? .. i . 

Ku 1 iii p J e c h a n a sis? 

IS, 2 shews s schsrasti - x 

sO according to the transmitter of C 1 ,• 

f P 3 a shows a schematic diagram for a 
&rive \ - hi r> o 

FIG. 3b shows a schematic diagrasa for a 
conventional OQPSK spreading modulator; 

IS "Is - , < o =! < ^ ; o j a 

conventional CQbSK , OCQ?SK r POCQPS^ spreading 
modulator and for a spreading modulator according: to 

1 t- f t n t 

i G . 3 d s c i c i ho r a 

s o u - < s. : - n t > u ♦ 

PIG. 4 a shows a schematic diagram for the 
scrambling coda ss at: or a tor in t:he OPS KG OQPSK, CQPSK 
40 
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spreading module t i on ; 

FIG, 4 b shows a scOema r. la di agar in for the 
" - - r in. i ~ - - ^- K „ „ x 

modul at i on ; 

S 1 I ~ t „ s ~, c; x I £ 1 

> o ; uje „ r <• „ - n t 

sodujaticn; 

F I G . 4 d s h o v a a s c b e rr ( a t i c ci 5. a g r. a m f o r t a e 
scrambling code generator in the PGCQPSK spreading 
K> no Ju i s i • m ; 

FIG , 5 a shows a ic disgrsnis for *d' first 

and secondary scrambling code generators in the 
c:dma2000 modular ion .? 

Ii secondary scrambling code gen orator i n FIG „ Sa; 

FIG. 6a shows a schematic dianrram for a 
convent \ on a ; CQPSK , OCQFGK, POCQPS K spreading 
demodulator end for a spreading demodulator; 
according to the present indention; 
20 FIG. 6b shows a schematic diagram for a 

conventional CCQPSK, POCQPSK spreading demodulator; 

I' s os a c .."it n diagrai 
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I G , 7 b s n o w a , o i : r p o a a , i e t r a > a _ t i o > 2. o f a 
signal con s t« 1 lat on point; 

PIG* $ 5 shows the trans it ions r f a s < 
tor s t P«. *" v. 5 - - 

morula c 1 on; 

bGG, 8 b shows the: transitions o f. a signal 

~*^t - t. ox v i ~ ,. f 

mcaiulationa 

FIG, 3c sr v v >'\j •, n a trsn?i c rocs of a signal 
constellation point. for th«: CQPBK spreading 
modulation • 

FIG. 9 shows a schematic: diagram for a cdmsaOOO 
transmit tar ; 

FIG, 10 a nov a a schematic diagram tor a 
cdmarOOQ receiver according to ths transmitter of 
FIG. 9;. 

FIG , I la shows a schematic diagram for a 
snsmit ter : acc t ;- a ■■■ c n v. .=. v ■ 

F J G . i 1 b s h o 1 a a: 3 c h 0 - - t i c ci i a g r a m f o r t h a 
> 0 v a iYs b i i .: i , „ v ^ DCQPS^ - e a d i n a 

odirj si - t t t i preaen! in-rent ibn and 



f'IGv 12 s h a w £ a s c h e fr i a r. i c d. i a q :: a rn f o r 
r c e i , e r a c c o r d i n g t. a t. 6 e t :. a a •.• * ;. r. r - r c f F' I G .. 1 1 =5 < 



CBxpidiuu: ions ret ssur; .•: v:orn 1. 5 in the.- dra v.- i r: g s :> 







. 11 4 0 1X0:, 113: gain centroXXar 


120, 


2 2 2 , 


X24, 126, 126: sprssder 




.132: 


adder 


14 0 t 


1 41 , 


: spread.?, n a m n d u 1 a. f 5 r 




X 4 5 : 


, f i r;S t: Ofeind) ; i < itn } nv.nl ti pi 1 ai 


|| 15 0 j 


151; 


: i code gsneE'rco.£ 


160, 


1 6 2 ; 


■ low- pass filter { LPF) 


1 7 0 .. 


1 7 2 : 


power amplifier 


I 8 0 , 


.18 2 : 


m iu la t or 




o Q (.,><;' 


214, 2 15, 216, 217: integrator 


220 , 


22 2, 


224, 22 6, 22 5, 227 ; da - a p made r 




241 ; 


spreading dsroodu l a tor 






, 04 5, 24 6; second (kind) renggl ex p-doma in 








>0 2 60, 




lon-pass filter 


20 0, 


062 : 


deifiodula c ar 


510, 


52 0, 


S20, 550: soranroiing node -generator 
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1220, 1222, 1224, 1226; ds~sprsader 
BEST MODE FOR C&EETXHG OVT t?EE XKVEHTXOtf 

i ., a. < • 

i"< C i i i o 1 V >ppended 

claims f and accompanying figures < In this 
n , i e f a e a c e } f. o r 

component- similar to the prior art and the modified 

a.ta described tor uha praaeavt invemnton in detail, 

FIG. 1 I and FIG, 12 snow schematic dlanram for 
a transmitter and a receiver according to the 
p r e s a a i n v a a t i o n ,. r a a p a ctivel y , Toe v. r a n a ma t tar a n 
£5 FIG. lie and the .receiver in PI6- 12 are mcdifaed 
from the transmitter and the receiver with the 
v>< • C - v in FIG . 2 ari a \ a 

10. T tt f. r: so^m; r >; c a :on rn inq v 0 ; -, e i a von I', i on nae 3 
^ „ i i. s o ah 

2« dal l ka the previous transmitter as in FIG > Sp 

the t ran ami tter according to the invention has as 
add.-. E iona 1 com.pl at - aam i n me 1 r. ip 1 ie r { t ■; 5 ) ahov/n in. 
44 



the- »a J uv. v * " r 

i 1 4 b ) takes t iis: trans m i. t t. j. n g data { ^ * 5 ., 




5 orthogonal 0V3F codes (H sa u I' M , Hscg*{ ) as the 
second inputs. And the first orthogonal, coapiex- 

mol t iplier {14.5} .; Other gain-controlled signals for 
P.iCM, DCGB and FCH spread at the spreaders U120 ? 

Hi 1122, 1.1.28} with orthogonal OVSF codes { fi ncM In \, 
Haecaln) t K « -v* in]), and are delivered to the adders 
(ISO, 132} with the outputs (S s [n) , S Q {n}) of. the 
complex- domain multiplier 1145). The outputs ;j<y[n], 
v; in. • of the adder {13Q:, .132} are given in EQUATION 

H 31, 

I iQN Mo! 
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- u,,P\ ~ ~^ j > o\ - M'~ <- Op" | 

The spreading modal a t. ion tske.s pl ace at. the 
o . i i a t ' ■ c w 3 • «. ; l. : >- e x ^ i. x - p t 

iKtlnr, y>rtn1f arrd: the second inputs (the primary 
5 scrambling codes; C ; f n ) and C? ( n 3 ) , and the outputs 
■■r T fn] f Qt i n i ! ere generated . The spreading 
modulator (141; con-prises the scrambling code 

{143}, The scraaibiiag code generator (S30) according 
M) to the present invention shown in fig, lib generates 
recondai to < :•. . i _ 

". S£ xw»n, ahij ) oith the primary scrambling codes 
(Ciin]< Cphnlp as the inputs to v mp rove the Fht 
, i * t i , „ , . . v. It " , t , . - o «. ' i • ■ rolnpaei ^ - > 
It \i\ h - - ; ! m inputs »n 1 - ha <e ^ - ion 
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C;[nj) in the c::i?i 1 00 $ys:eri a : ;•: generated foy r r. e 
primary scrambling ;c;k- generic r using three 

FF - i i PK ; ' :\ } , Fiv-.jn ] ,, "" N . - ■> .as sficwn in 

FIG » Sa e:Fih Che ioi iowi nq eq;;« r; : on c 
I EQUATION 32} 

The seconder y scrambling codes >>.%. „,, t . ? s (n ) # 
Mct^:. J"]? shewn in PIG, life ace given by the 
follow! ng equations . 

■1) Per a- 0 mod win { SfncK* Sf Kl :H» Sf 5SS -;i FF ; . : : i; ... 

S Ff ] 

t EQUATION 3 3 I 
€*nm*kJMl QUI 

(21 For n * 0 mod as in f SF ?sCS , SF scc;i? SF 3C . h 
47 
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I EQUATION 34| 
- ./€/«]{ C ^Jn~ UHscxJn- UHsndn} 

+ < , » < * ~ i j ! '\<. < - 1 ; * ; >i ■ » 

The spreading modulation according to the 
p x: e s e r i t i n v ~ n t ion ■] s c a 1 1 e o the 0 C O ? K { D o < fo i 
5 C o m p I e Q P S K } .« p r s a d i a a m o d o 1 a t .; O n - P q r 

! It £ n id : = I Q-i- [n H ~I based on the norsai i sauo/i, the 

c t . o * . r „ n v. . i 

point occurring in the DCQPSK spreading modulation 
are shown in L'QltaT ION 35 and EQUATION 36, The 

are 1/4,. I / 4 f 1/4, and 1/4 for n ss 0 mad SF silV , nod 

- an f j 0 ¥hsr. n ^ 0 aod Si tor ea ( 
transition, respectively. Here, SF ffi , s •••• turrH SF ?iCHf 
S F P c c h i S F s c h „• S F :. ••• ;:• , S £ ? c ti I , 
15 i Torn* SFfflt 

ihQUdTion m 

4S 
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to ,,J l .-«.. i ]... <n..J ! a i y\ 

Kll! 

{2} For n ' moo' SP !: . ;; ; 



Ni m » ~ i J « ? Ct « ~ 2i/W R - 2} - Cd * " 2)^C » ~ 2] ) 

*> *?KC| « - 2} Hu. ml * ~ 2] - C<| k 2} #..} ft 2] } 
( C C,l n - 2 j ^ ( r - 2 3 - C£ « - 2 1 » » 2|) 
1 #U nUCA n~l\ H m i n ~ 21 + C<| n ■- 2] n- 2} } 

... / + s .... .* \ 

{■ 2 ' 2 |: 



> Wner:-? H, [as == B ?>-{:• [ 0 i : '; ss.-s;;- ( n I . Kith tas cat -wise XOS 
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iSCHi) >® iSCi;::) -.. 

In the OCQPSK or PC- a Q t'SK sp z cad i eg modulation,, 
a s a e n t .1 o n e d a a r: 1 & r. .. t h a o r t h o g o n a 1 ® a 1 :.: h c o a e s 
5 with even number sub; a r .1 c t a are used exc&pt for tha 
1 1 „ I 1 t. o o <. > ^ e ~ > ~ r i ~~ u\ \< 

v. i ^ 1 1 g : d a ba > a t e f or a c a r t a i 0 c h -jsnei o f 
spreading factor iSP; of N Kowevsr, tha DCQbSK 
• . v > > j f. t. > ^ > la o v 5 N 1 , o i ' 
10 factor Reaping the orthogonal an a too I a rope; t y with 
> 1 ^ : * - oa aa-sa u ^ <~e c * 

aquations, Tha a the orthogonal code is rapreaaated 
by instead of rep restrain :: the orthogonal 

hi; i. ah code. Toe spreading factor :3b) or area of the 
hi orthogonal code need not foe the power at 

The outputs ( 1 1 i n j t Chr I ri n of the Spr eading 
Modulator (141 » pass through the low-pass filters 

i i ^ v. V t t > i 1 \ - - V 

> i. + , i it - - ? jelivar a to the ? ;ai , axa 

to (ISO, 181; ah lab modulate the signals Into tha 

de v <? 5 1 - - -a rarriaa lac a;e 

mode labs « 1 1 uide he - 90) a ad 
SO 
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de - * va red s sn i a ; 

a .1 G . 1 2 s h o o r> a s c h e m a t j. a b X 6 g r a m t o r a 
receives: accord £ ha • of FIG 11a 

T a a r e c e r v e > i >. q n a .1 s « s - c j g h r. h , a t t e n n a a £ a 

a-sms carrier used at the i : . r an s.m 1 1 1 s r t and I.pf ri] sod 

=* s t d £ t. a - v sio i 
tr;~ ^'"P35 flit J 18.0. > . I a, >o pa 
a j f« o o c 1 c O r (24 1 } p r o d u c a a t h a s 1 g n a 1 $ { a f . [ a 1 
W, if [ar with the primary acr a "doling codes \ t u ' , 
C^fnJ}. The spreading demodulator (241) ccspr;.sss 
tie - 5aO sj J ; i <. o- t. „e - 

a ofii a i r: ,;nu i 1 1 p 1 i e r { 2 4 3 5 , the s c .r a Job X X a g cod e 

scrambling- codes (C :t j a i .. Co [ a ; ) as true i a puts to 
1 a; p r a v a t h a P A R c h a r a o f. e r .1 a t X c . T b e c o m p X a x - d o sa a X n 
multiplier {2 A3) takes X F f n j and Ob [a] as the first 
.inpucs f> i ^ secondary scrambling codas < \ si 
Hi il-nj, £ strafes*, gin]; as ths sscond inputs. The first 
* ed b the 

a a ma n<alh i j A > ;. - i rariusbber. 



ae<r 1 ,t -u 1 ' " t . 'i r p -J - 

sa.ms orthogonal code H ;::; am i r> ) :che : a ; xxCH - DCCH :>r 

(1224, 1226; or cne signal are mo J tip Had in 
complex-domain at the corfi.pI.eK -datsa in multiplier 

t245) in PIG, 12 v.i t ~» t be e a mo orthogonal Code 
hp-ocas (nj { where f xxCH - SCBl or SCH2 ) used in the 
W- transmitter Nov*.,- the signals are integrated during 
the symbol period T 2x ot Since the signals at 

x Co s^ce^sr ~i» d^r^:t;'d, r~xC ~ s o^e : - ; omi i 
the distorted signal phase. Accordingly, the signals 

the period of rh at the integrators (210, 212}. 

i - 2 > > 

may include additional in ,i : orr-.at ion each as a control 
command to control the transmitting poser, at the 
16 reoaiceic besides the pilot signals for the phase 
o o r r e o t i o n .. 1 o t h i s c a a a the a d d a. t i o n a i 1 n is rm at i on 
is cached. h;~cui Dies- and. the. phase is 
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t. h s k n o w n p h $ ;:• . t ;•; a p h a .•: e c o r r e c r. i o r. s a r r p ••■ r £ o :c ••• ••= rj 
at the co?:p lex- dDn;a i n sui t i pi i s;:s • 2 ilo 2 <; 6 ; usin-g 
the s ti n' : a t £ - l j h t ft e 

integrators {J? 10, 212) . 

? h e D C Q ? S K s p i e a d ... n q re o d u i. a t 1 o n a c c o r a I n g t o 
the present invention yields the. following effects; 
hirst, the PAR characteristic is improved because 
the probability oi the o rig la crossing transition 
fQ-transitissnh becomes aero only except for the time 
when z he spread transmitting data vary, Secsnd, the 
- *o ih v . a.lo- ! n >- 

scCrbh ran « < . * ft ? 

orthogonal Welsh codes with even nurhor subscripts. 

hhoiie the foregoing invention has be o n 
described in terms of the embooimants Siscussed 
above, numerous est 1s t ions are also possible, 
■c- .c- • o b'-y; i y,. soo t teat ions sod changes such as those 

t are 

considered to be within the scope of the following 
oi aims , 
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WHAT IS CLAIMED IS: 

* t ang U»d in €DM 

> v t iple c e s s y s t < 1 1 - t i u u i f 

^ n tie 

s r. e p a e f ; 

(a? generating < pilot signal and t ransrs;.! t ting data 

10 inisrmat ion; ib; spreading the signal asief a 
o r the g o a a 1 cods for eac h oh a n n e .1 ; ( ed a d d lag t h e 
M v. " - - > ^ a > vc.-'^i C- v naoj I 

using PM iPseiido-NoiS.;; segaeneas; iai modolating 

IS tec : > k I i ; s oa-pos i i p 1 ^ 1 seated aidrna 
t ha moduiai 

;hsd as dei - m I ,. 

is^:>m« th~ spasir-Jiiv:; sa.i ..a. a -id. a .?•:;• addling step 
perform an or ah ego na s complex ic - an spreading and a 
2Cj c oxo.p I e k - <J o in a i n scrambling, respectively., in order to 
improve the PAR i Peak-to- Average power Ratio? 
c h a .r a c t a r i s f. i o f t. n a t r a n a >■;■ i i t e i . 

S4 
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5, A, transmit at * ri 2 1 

* " K * 1 trie sec - _ - r. scvami s coc 

iCscia.-.-jsie. ;{n), C fi ,-.f.>» : -b:-. <dr. P in idee scraKbUno step 
a r e q 1 v a n b y t h a £ o i i a w i c c e q v ■ a t 1 a n s 1 1 : t & r m s a f t n e 
5 primary set ambling cedes ( C; [. n 1 , C ; - h, n ; J ; 
ha? when the spreading date vary, 
I EQUATION 3 7 J 
^•.iM>.s i h - 1 ' ! I! ".oi^t-i-N ~ Chic] « C 3 (n]: 

and 

id !b) when the spreading date do not ?ary, 
I - LOW 281 

£*ct &• (njej f-wb - ™'d if < g {n~:] 5 w C 

4> A transmitting method, as defined in claim a 
1 5: o r 3 ( h a rein the art b o g o ? s 3 I. c e rr>. p 1 e x - d o m a i n 

i s p e r de r d * t h c g o 3 d a m ;u 

cedes end the scrambling cedes "or the comple>;~ 
d em a .i. a s c r a a a ^ 1 a g s r s p r e d u e e e s i n q a r t h o q a a a 1 

2d S>. A transmitting eat ted as cetined in claim 2, 

rsi - " a - 1 - sin sfrsaiiaa is 

-i i r a .1 5 -odes and th 
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E;e generated us inq o he 3 am 

- : h x i e i n t h a c ; :;: h ::• 9 e a . .1 . a --t. r 1 v .< - c :.■ a - i r * p t - a j i n e X s 
5 perforraeti v/iu on hoqo ; - i z ■?« and td 
>. t ; * a <» - < 

are generated using arthogonai Hsmdamaxd codes, 

7, A receiving method in CD it A (Cade Divsr: .:. 

*6 spparatu; \ receiving appetacus, comprising * he 

s r. ens of : 

ia) demodulating the t rarnmrd rm; ad signal using the 
same carrier used in the transmitter; lb) e a - 
sc r and" 11 . ng 1 da mod u 1 a i ed saqnsl -<j the 

hi synchronised identical lis CJPeaudo---uoi se ) sequence a 
of the transmitter? (c? da spreading the de- 
scrambled signal using the synchronized identical 
orthogonal codes o I the transmitter for each 
channel; and {0} recovering the tranarri t t ad data 

8 , A r a a a i '? 1 ; 5 g me r h a a a a :i a r 1 n a d an r 1 3 1 m 7 ;? 
eh e rein tint ge~aer ambling step and the de -spreading 



o i * - * n ^ i c f u e ' ~ . ^ 

3 .■ A £ e c e i v i n g m a f h o d a a o; e £ r o a p i n c 1 a i m 8 ,. 
w he re i J r. e e o o s -a,. ~ n de - so r ame 1 code s a nd 

S the co;i:n agonal c on pi en- dons i. n oe - sp r a a d i ng codes ere 
t he si ss os* 1 -i 

scrambling and the orthogonal oomp lex-doma i o 
spree c! .;. eg of the transmitter, 

10. A ti-ansir.vtrir.-3 apparatus in C DMA (Cods 
Hi Division Mcltxpic access; systssi with the 
< v rtosi!, a coara re a, 

rial n a : 

: a ':■ means for generating a pilot signal and 
transmitting data signals t o r several channels with 
P> different information; (b } means for controlling the 
signal-gains of the channels; (c) means for 
- .oat i .led signal to? c \i c } 
'.rhaeoel; {d} a first oomp i en -doma in multiplying 
means tor performing the first orthogonal coop lea- 
rn! ipmain i i > of the transr ing 
d a t a c 1 t h a s a p h i e m a .i r. « r y c r. a n ri e 1 s a ; d o f t h e 0 V S F 
ptrthogoeal Patiabie Spreading Factor) codes; (a) 



Eea for add ; - , , the tit co-mp lex- 

> " 1 ' - r f r r p r e a C L ; { f ! 

a & p r e a <3 i n 7 ra o d u 1 a r. c ,:: ,, c c ■ o p r -1 3. i o g <h c e r? , p i e - d o m a i n 
m u i 1 1. p 1 1 e r a n d a s c r a m b i .1 n g e c- d e g e n e 1 a u o r s I o r 

amplifying the law -pass I terea signal power; (hd 
means for modulating the ampiiihiad sipr-ai to the 
desired frequency hand; and pi) raesns for adding the 
moduls ted signa ls , 
id 11, A receiving apparatas in CDMA (Cc<k 

Division Multiple Access) systems with & 
,t ; apparatus and secerning apparatus, 

corny ;: i s i ng ; 

5 idom an antenna using the same carrier used in the 
transmitter; > a spreading de~modu.i a ter , 

tg>n is i I i r a epl 

d o ;n sin o u ] l ; y i y i n g means, f e :: d e -scr a - a b 1 x eg the 1 o u - 
pass t tared 1 late s g n a j £ seans tor ae- 

f so 5 a o e - s c r « c to get the I 1: e d 

c h a n n e 1 b y 1 n t e g r a t i n a i o r t h e s. y m b c ':. period 

proportional to the date rata ox the corresponding 
58 
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12, A receiving =r" as ae fined in M ^ 

i 1 , , - i. ^ r v -, „ „ ? f 
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FIG, 1 




FIG. 2 
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FIG. 3a 
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FIG. 3b 
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FIG. 3c 




FIG. 3d 
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FIG. 4b 
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FIG. 4c 





FIG. 5a 
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FIG. 5b 
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FIG, 6a 
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FIG. 6b 
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PIG. 7b 




FIG. 8a 




PIG, 8b 
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FIG. 8c 
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FIG. 9 
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FIG, 10 
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FIG. Ha 
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FIG, lib 
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FIG. 12 



